Jn the present study, ruthenium hexammine trichloride (RHT) was used to visualize proteoglycans in dentineforming sites. Two staining patterns could be obtained: (I) interfibrillar spaces in the circumpulpal as well as in the progenitor predentine matrix were filled with a homogeneous, electron-opaque material and (2) predentine matrix was dotted with RHT-reactive granules, some of which were localized on collagen fibrils in periodic arrays. Key H>o/Y/.y=ruthenium hexammine trichloride: proteoglycans: predentine: basal lamina Proteoglycans in predentine built from a core protein to which chondroitin sulphate chains are attached, have been visualized electron microscopically by means of a series of cationic dyes such as ruthenium red, 1 ' 2 ' cuprolinic blue, 8 *' and high iron diamine. 8 ' Ruthenium red and cuprolinic blue exhibited an affinity towards proteoglycans in the extracellular matrix, which were preserved as electron-dense granules, ribbon-like structures or extended filaments. Recently, Hunziker et o/.
Proteoglycans in predentine built from a core protein to which chondroitin sulphate chains are attached, have been visualized electron microscopically by means of a series of cationic dyes such as ruthenium red, 1 ' 2 ' cuprolinic blue, 8 *' and high iron diamine. 8 ' Ruthenium red and cuprolinic blue exhibited an affinity towards proteoglycans in the extracellular matrix, which were preserved as electron-dense granules, ribbon-like structures or extended filaments. Recently, Hunziker et o/. 8 ' have demonstrated that ruthenium hexammine trichloride (RHT) fulfills the requirements of low molecular weight (for rapid tissue penetration) and multivalent cation (for a strong interaction with proteoglycans) and is hence superior to ruthenium red and other cationic dyes in preserving intercellular matrix and cell membrane in rat growth cartilage. Thus, the preservation of extracellular proteoglycans by aqueous fixation has been improved in quality if RHT is employed. In the present study, the ultrastructural distribution pattern of proteoglycans in dentineforming sites was examined employing the RHT staining method.
Materials and methods. Lower first molar tooth germs of Wistar strain newborn rats ranging in age from 1 to 3 days after birth were used in the present study. With a dissecting microscope, tooth germs were removed from the mandible and quickly sliced in the RHT fixative prepared in the following way. According to Hunziker et al., e) RHT (Johnson Matthey Chem. Co. Ltd.) was applied in a 0.7% fixative solution as follows: Tooth germ slices were placed in 2% glutaraldehyde in cacodylate buffer containing 0.7% RHT for 2.5 hr at room temperature. They were then rinsed in 2-3 changes of 0.1M cacodylate buffer for 15min and placed in 1% osmium tetroxide in 0.1 M cacodylate buffer containing 0.7% RHT for 2.5 hr at 4°C. These tissue specimens were further washed in 0.1M cacodylate buffer, and dehydrated through graded ethanol series, infiltrated with nbutylglycidyl ether, and embedded in Taab 812 Resin. Ultrathin sections were cut with a diamond knife on an LKB Ultrotome. The sections were not counterstained and were examined in a JEM 1200 EX electron microscope. After the addition of RHT, these fixatives were stored for 1 hr prior to use, and the solutions were stabilized at pH 6.8.
Results and discussion. RHT-positive electron-dense granules of various sizes interconnected by filamentous structures were observed in the spaces between the peripheral cells of the dental papilla ( Fig. 1 ). Basal lamina, not only in lamina densa but also in lamina lucida, reacted vividly to RHT and was revealed as an electron-dense layer of an approximately 200 nm width immediately beneath the distal surface of inner enamel epithelium ( Fig. 1) . At the stage of development when odontoblasts differentiated from marginal dental papilla cells assumed a short columnar shape and were separated by narrow intercellular spaces; the sites adjacent to the basal lamina were occupied by a large amount of collagenous fibrils; and the interfibrillar spaces were filled with a homogeneous, electron-opaque materials which reacted vividly with RHT (Figs. 2, 3 ). Circumpulpal predentine and circumference of odontoblast process reacted with RHT as progenitor predentine in Fig. 2 (Figs. 4, 5) . However, in certain specimens, it was disclosed that the predentine matrix was dotted with RHTreactive granules, from which faint filamentous structures extended radially, and some of the granules were attached at periodic and repeating locations on collagen fibrils (Fig. 6 ). The coexistence of two such staining patterns in the same sections was occasionally noted. Although a satisfactory explanation of these findings appears to be impossible, it was speculated that the former observations (Figs. 4, 5) probably reflected that the majority of proteoglycans involved in the predentine matrix were preserved in an excellent condition, whereas the latter (Fig. 6 ) revealed that some moieties of proteoglycans were extracted from the matrix during incubation of tissue slices in RHT fixative solution. In the present study, basal almina was observed as an electron-opaque layer, and a high magnification of the lamina revealed that lamina lucida Fig. 3 . A high magnification picture of the basal lamina. Lamina lucida (arrowhead) has a somewhat stronger affinity towards RHT than lamina densa (arrow). IEE: inner enamel epithelium. Bar= 500 nm. x 38,000. Fig. 4 . Interfibrillar spaces in circumpulpal predentine (PD) and circumference of odontoblastlprocesses (arrowheads) react vividly with RHT and are revealed as homogeneous, electron-dense areas, respectively. D: dentine. Bar=3/im. x6,900.
showed a somewhat strong affinity towards RHT as compared with lamina densa (Fig. 3) . RHT could not stain the interior of odontoblasts and inner enamel epithelial cells, except for their coated vesicles or pits (Figs. 1-3 ). In the present study, both the laminae lucida and densa of basal lamina in the proliferation and differentiation zone reacted markedly with RHT and appeared as an electron-opaque layer. This suggests that lamina lucida usually seen as an electron-lucent layer in conventional tissue preparations contains certain anionic materials. Basal lamina is generally known to contain fibronectin, laminin, type IV collagen, and heparan sulphate. 7 "" Therefore, the RHT-positive reaction in lamina lucida may probably be due to anionic materials such as heparan sulphate. Acidic glycosaminoglycans in dentine and predentine have biochemically been shown to be chondroitin-4-sulphate, chondroitin-6-sulphate, hyaluronic acid, dermatan sulphate, and heparan sulphate, 10 "" 1 even though Hjerpe et a/.
l4)
have more recently demonstrated that the dentine glycosaminoglycans consist exclusively of chondroitin-4-sulphate, chondroitin-6-sulphate and a small amount of highly hybridized dermatan sulphate. A previous study 11 employing ruthenium red has demonstrated that the distribution of ruthenium red-reactive granules is correlated with the amount of acidic glycosaminoglycans involved in predentine. With added cuprolinic blue in a MgClj-critical electrolyte concentration solution, Goldberg and Septier 3 ' 41 revealed ribbonlike structures and filaments radiating from these cores in the predentine. Furthermore, these authors suggested that ribbon-like structures or stellate configurations could reflect an expanded gel which had been shrunk in the course of dehydration steps. Previous studies 16 '"" using RHT have revealed that predentine matrix was dotted with RHTreactive granules and some of them were located on collagen fibrils in periodic arrays. It has likewise been indicated that proteoglycans in cartilage matrix are present as condensed granules, and are irregularly spaced as a consequence of displacement during RHT or RR-precipitation. 17) In keeping with these, we postulate that the RHT-positive granules in the predentine represent images of proteoglycans condensed in the course of fixation and dehydration. However, the present results clearly revealed that the interfibrillar spaces in the predentine matrix appeared to be electron opaque and nearly homogeneous, suggesting that the majority of proteoglycans were pre-served in an excellent condition without extraction and contraction. Goldberg et o/. 18) have suggested the presence of two types of proteoglycans in rat incisor predentine and dentine; space-filling proteoglycans and collagen-associated proteoglycans. In view of this suggestion, the results obtained in the present study may be a reflection of the existence of at least two types of proteoglycans in predentine; one easily extractable and the other resistant to aqueous fixation.
